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BRIEF COMMUNICATION
The ABO blood group system was discovered by
Karl Landsteiner over a century ago.1 It is the most
important blood group system in transfusion
medicine. The coding sequence of the ABO gene
was established in 1990 and its genomic organi-
zation was elucidated in 1995.2–5 The ABO gene
spans over 18 kb and consists of seven exons rang-
ing from 28 bp to 688 bp in size. The last two
exons (exons 6 and 7), which comprise 823 bp of
the transcribed 1062 bp mRNA, encode for the
catalytic domain of the ABO glycosyltransferases.
Most of the polymorphic sites reported in the lit-
erature are within this portion of the coding se-
quence. Common ABO alleles in Asian people are
A1 (A101), A1v (A102), B (B101), O1 (O01) and
O1v (O02). They differ from each other by only a
few base positions. The A1 allele is usually used
as the reference against which all other alleles are
compared.5 The O1 allele differs from the A1 allele
by a single base (G) deletion at nucleotide 261.
This shifts the reading frame of the coding 
sequence and generates a premature termination
codon producing an altered and shortened
polypeptide of 116 amino acids that lacks the 
C-terminal catalytic domain. The B allele, on the
other hand, differs from the A1 allele by seven
single base substitutions within the coding se-
quence at nucleotides 297, 526, 657, 703, 796,
803 and 930. Among these seven, there are four
main base substitutions, C, G, C and G, for nu-
cleotides 526, 703, 796 and 803 of the A1 allele,
and G, A, A and C for the B allele. The respective
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amino acid residues at these four positions are
arginine, glycine, leucine and glycine in A trans-
ferase, and glycine, serine, methionine, and alanine
in B transferase, explaining some of the differ-
ences in the activity and the nucleotide sugar
donor specificity of the A and B transferases, which
were demonstrated by Yamamoto and Hakomori
in a study of the functional role of these four
amino acids.6 Since then, numerous novel ABO al-
leles from different ethnic groups have been elu-
cidated and collected in the Blood Group Antigen
Gene Mutation Database (available at http://
www.ncbi.nlm.nih.gov/projects/mhc/xslcgi.fcgi?
cmd = bgmut/home/systems_info&system =
abo). Most of these mutations are due to single
nucleotide substitutions and lead to amino acid
alteration explaining all the differences in the ac-
tivity and the nucleotide sugar donor specificity
of the A and B transferases.7–13 A mutation of
804insG observed in four Ael and one AelB indi-
viduals, was the first report that single nucleotide
insertion would alter the amino acid sequence of
the glycosyltransferase immediately after its pos-
tulated nucleotide sugar binding site leading to the
weakening of A transferase expression.14 Six other
Ael alleles have since been identified, with single
nucleotide deletion being responsible for one,15
and nucleotide substitution(s) for five.7,16–19
In this article, we report a novel Ael allele with
816G insertion and 467C > T substitution in exon
7 of the ABO gene detected in a Taiwanese family.
Methods
Individuals studied
A discrepancy between red blood cell (RBC; for-
ward) and plasma (reverse) ABO grouping results
was incidentally observed in a Taiwanese male
on routine health check-up. The propositus, Mr C,
who is a 56-year-old male, and his direct family
members including his wife, son and daughter,
were subsequently enrolled for further study. None
of the family members had a history of transfu-
sion or hematopoietic stem cell transplantation.
PCR-amplified short tandem repeat (STR) analysis
was performed for all the family members,
which confirmed their kinship. All of the assessed
individuals are ethnic Chinese and a written con-
sent was obtained from all participants in accor-
dance with the regulations of the medical ethics
review board of our institution.
Serology for ABO grouping
ABO phenotypes for RBCs were determined with
commercial antisera according to the manufac-
turer’s instructions by agglutination using murine
monoclonal anti-A, anti-B, and anti-A,B IgM an-
tibodies (Gamma-clone; Gamma Biologicals Inc.,
Houston, TX, USA), and human polyclonal anti-A,
anti-B (CLB, Amsterdam, The Netherlands), and
plant lectins Dolichos biflorus for anti-A1 and Ulex
europaeus for anti-H (both from CLB). Saliva test-
ing was performed according to the latest edition
of the American Association of Blood Banks
(AABB) Technical Manual.
STR–PCR amplification for parentage 
testing
To verify the relationship between the propositus
and his family members, parentage testing was
performed by using a panel containing a total of
18 autosomal STR loci. The panel had a cumula-
tive power of exclusion (CPE) up to 0.9999998
and was comprised of a 15-loci PCR amplification
kit (AmpFlSTR Identifiler; Applied Biosystems,
Foster City, CA, USA) and an inhouse-made
Triplex (F13A01, FABP, PLA2A1).20
Molecular cloning and sequencing
ABO genotypes of the family members were ana-
lyzed by PCR amplification, cloning and sequenc-
ing. Genomic DNA was extracted from whole
blood collected in EDTA-coated vacuum tubes
using a DNA isolation kit (Puregene; Gentra
Systems, Minneapolis, MN, USA) and processed
according to the manufacturer’s instructions. The
exons 6 to 7 region of the ABO genes were PCR-
amplified with ABOFh3 as forward primer (GGG
TGG TCA GAG GAG GCA GAA GCT GAG TGG,
91 bp upstream to exon 6) and ABORz as reverse
primer (GTT GTG AGT AAC TGA AGC CTA GGC
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CCC GTC, 99bp downstream to the stop codon),12
which would yield a PCR product with a size
around 2.1 kb. Each PCR reaction was carried out
with a final volume of 12.5 µL containing 1.25 µL
10X Pfu buffer, 0.2 mM of each dNTP, 0.625 U
Pfu Turbo® DNA Polymerase (Strategene, La Jolla,
CA, USA), 0.8 µM of each primer and 30 ng ge-
nomic DNA as template. The cycling conditions
were 95°C for 2 minutes, which was followed 
by 35 cycles at 94°C for 30 seconds, 67°C for 
30 seconds, 72°C for 2 minutes, and a final exten-
sion phase at 72°C for 7 minutes, then soaked at
4°C. The PCR products were then cloned into the
Zero Blunt® TOPO vectors by a cloning kit (TOPO
TA; Invitrogen, Groningen, The Netherlands). DNA
sequences were determined with a sequencing
kit (BigDye Terminator Cycle Sequencing Ready
Reaction Kit; Applied Biosystems) and analyzed
using BioEdit Sequence Alignment Editor software
(http://www.mbio.ncsu.edu/BioEdit/bioedit.
html). To prevent any PCR-induced errors from
actual sequence polymorphisms, sequencing was
carried out using multiple clones from different
batches of PCR products.
Results
The serologic characteristics of the four family
members are shown in Table 1. A discrepancy be-
tween forward and reverse typing in routine ABO
grouping was noted for the propositus and his
daughter. The RBCs were not agglutinated by both
monoclonal and polyclonal anti-A, anti-B, and
anti-A,B reagent at room temperature. Adsorption-
elution test performed by testing RBCs from the
C family against anti-A was positive for the proposi-
tus and his daughter. In addition to Lea and Leb, H
antigen was also detected in the saliva for both.
Serologically, the propositus and his daughter were
of Ael phenotype while his wife and son were
common O. Genomic typing results of the 
family members were: A1v(Ael816insG)/O1(O01) for
the propositus; O1(O01)/O1(O01) for his wife;
A1v(Ael816insG)/O1(O01) for his daughter; and
O1(O01)/O1(O01) for his son (Figure 1). The re-
spective deduced genotypes of exons 6 and 7 and
intron 6 of the novel Ael816insG allele are shown 
in Table 2 with those of the previously well-
documented Ael01 to Ael07 for comparison. All
those Ael alleles are identical to each other against
the A101 background at nucleotides 811 to 816, in-
cluding Ael01 originally reported by Olsson et al.14
A novel Ael allele
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Table 1. Serologic characteristics of the propositus and his family
Reactions of RBCs with Reactions of serum with Adsorption/ Antigens in 
Sample Phenotype elution of 
Anti-A Anti-B Anti-A,B Anti-D Anti-H A1 cell A2 cell B cell O cell A antigen
saliva
Propositus Ael 0 0 0 4+ 4+ 1+s 0 4+ 0 + H, Lea, Leb
Wife O 0 0 0 4+ 4+ 4+ 4+ 4+ 0 0 Lea, Leb
Son O 0 0 0 4+ 4+ 4+ 4+ 4+ 0 0 Lea, Leb
Daughter Ael 0 0 0 4+ 4+ 2+s 0 4+ 0 + H, Lea, Leb
Ael816insG/O01
Ael816insG/O01
O01/O01
O01/O01
Figure 1. Pedigree of the C family. Genotypes after cloning
and sequencing of both alleles from exon 6 to exon 7 of
the ABO gene are shown here for the propositus, his wife,
daughter and son.
For the propositus, however, a 1-bp insertion in a
poly (G) tract at nucleotides 811 to 816 was noted,
predicting a 37-amino acid longer polypeptide
than the normal A1 transferase (Figure 2). The
change in the enzyme structure could be antici-
pated to result in a considerable reduction in A
glycosyltransferase activity as that of Ael01 allele.
Discussion
We uncovered a novel Ael allele that involves both
816insG and 467C > T substitution in exon 7 of
the ABO gene. In contrast, the Ael reported by
Okiura et al involves only 816insG while sparing
467C > T substitution against A101 back-
ground.21 This difference is not surprising as
shown in our previous study that the A102(A1v)
allele has a much higher frequency than that of
the A101(A1) allele, i.e. 92.34% vs. 7.33% in the
300 AB phenotype Taiwanese people13 as com-
pared to 4.4% and 23.5%, respectively, in the
Japanese population.22 This novel Ael allele,
however, was not found in the same study of 300
random blood donors of AB phenotype, and not
documented either in the latest Blood Group
Antigen Gene Mutation Database. The muta-
tional insertion is the only difference discovered
in exons 6 and 7 for the novel allele in the pres-
ent study compared to the consensus A102 se-
quence at the ABO locus. The consensus A102
gene contains six consecutive Gs at nucleotides
811 to 816 that does not involve any of the four
(nucleotides 526, 703, 796, 803) main positions
responsible for specificity differences between A
and B transferases. Nevertheless, it results in a
frame shift that leads to a 37-amino acid longer
polypeptide than the normal A transferase, a find-
ing similar to that of the Ael01 allele with
804insG.14 In contrast, Ael03 allele with 804delG
in exon 7 also results in a frame shift that alters the
protein sequence C-terminal from amino acid 269
and results in a stop codon after nucleotide 861
and premature termination of translation after
amino acid 287.15 All these three Ael alleles have
motifs among the so-called common hot spots
H.M. Liu, et al
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with GGGGGGT (G6T) for the novel Ael816insG al-
lele, and TGGGGGGG/GGGGGGGT (TG7/G7T)
for both of Ael01 and Ael03 alleles that the propen-
sity of a given gene/sequence to undergo mi-
crodeletion is related to its propensity to undergo
microinsertion.23 The Ael02 allele contains three
single nucleotide substitutions, 467C>T, 646T>A,
and 681G > A. The mutation in the Ael04 allele
involving six unrelated Taiwanese individuals
with either Ael phenotype or AelB phenotype is so
far the only one that a G->A mutation at the +5
position of intron 6 (IVS6 + 5G- > A) results in
complete loss of A transcript structure in the Ael
RNA.16 Ael05 and Ael06 alleles, both reported in
southern China, have 467C > T, 767T > C and
467C > T, 425T > C substitutions against the con-
sensus A101 sequence, respectively.17,18 Ael07 has
two missense mutations: 467C > T and 829G > A
resulting in Pro156Leu and Val277Met substitu-
tions, of which the latter is supposedly responsi-
ble for the decrease in A transferase activity and
Ael phenotype.19 In addition to 816G insertion in
exon 7 of the ABO gene, 467C > T substitution
against A101 background is also noted in the novel
Ael816insG allele of the present study as in Ael02,
Ael05, Ael06, and Ael07. It is generally thought
that 467C > T has little effect on decreasing the
enzyme activity level because the mutation is a
well-known polymorphism found in the A102 and
A103 alleles.7,22
In summary, we have defined a novel Ael816insG
allele that has a unique 816insG mutation in exon
7 on A102 background as compared to the Ael re-
ported by Okiura et al, that happens against A101
background. The nucleotide insertion results in a
frame shift that leads to a 37-amino acid longer
polypeptide than the normal A transferase, similar
to that of the Ael01 allele with 804insG. This is the
fifth consecutive report on the discovery of novel
Ael alleles from ethnic Chinese people. The real in-
cidence of the five respective Ael alleles for Chinese
people in Taiwan awaits further elucidation.
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